
Graduate of Molecular and Cellular Biology 

College of Life Science 

National Taiwan University 

Master Thesis 

The role of CIPK8 in nitrate sensing 

Yu-Ting Chou 

Advisor: Yi-Fang Tsay, Ph.D. 

101 7

July, 2012





I 

 

 

     

 

N317

 

 

    

 

 

                                              2012.07.31 

 

 

 

 

 

 

 



II

 

nitrate primary response

microarray CIPK23 CIPK8

CHL1 CHL1

CIPK23 101 ─ Threonine

CHL1

CIPK8

CHL1 full length CIPK8 CIPK8 kinase domain

CIPK8 full length CIPK8 CHL1

CBL1 CBL9 ANI CIPK23 NLP7

CIPK8 CHL1

13% CBL9 CIPK8

CHL1 T101 cipk8-1 nitrate response secondary

response high affinity primary nitrate response CIPK8

low affinity primary nitrate response cipk8-1 CHL1T101

CHL1 T101

CIPK8 CHL1 CHL1 T101

CIPK8 CHL1 CHL1 C-terminal end

loop CIPK8 CHL1 

C-terminal T101

CIPK8 low affinity level

CIPK23 CIPK8 CHL1 N-

C-terminal CHL1



III

Abstract

Nitrate is not only an important nitrogen source for plants, but also a signaling 

molecule. Nitrate can rapidly induce the transcriptional expression of nitrate-related 

genes, such as CHL1 and AtNRT2.1. This response is called the primary nitrate response.

Through the previous microarray analyses, several signaling molecules such as CIPK8 

and CIPK23(CBL-interacting protein kinase) were identified and found to participate in 

the primary nitrate response,. Previously study showed that CIPK23 can interacts with 

CHL1 and phosphorylates the threonine 101 of CHL1 when exposed to low nitrate 

concentration. By this phosphorylation, the uptake activity of CHL1 can be switched 

between high or low affinity, and the gene expression level of the primary nitrate 

response can be regulated. In this study, we investigated the role of CIPK8 in regulating 

the nitrate uptake and the nitrate signaling. CHL1 only interacts with the kinase domain 

of CIPK8; it suggested a conformation change of CIPK8 is necessary for the interaction 

between CHL1 and CIPK8, but all of the candidate proteins we analyzed can’t help the 

interaction between CHL1 and CIPK8. Oocyte uptake activity assay showed that CIPK8 

can reduce the high affinity nitrate uptake activity of CHL1. Q-PCR analysis showed 

that the cipk8-1 mutant was only defective in low affinity phase of primary nitrate 

response. However, the western analysis using a CHL1 T101-P specific antibody 

indicated that CHL1T101 can’t be phosphorylated at low nitrate concentration in 

cipk8-1 mutant. The yeast-two hybrid analysis showed that both the loop between TM8 

-TM9 and the C-terminal end of CHL1 are the binding sites of CIPK8 kinase domain. 

These result suggested that CHL1 may have two CIPK8 binding sites, one is required 

for T101 phosphorylation; another one is response to different nitrate concentration. We 

speculate that CIPK8 and CIPK23 can work together to regulate the nitrate sensing 

ability and nitrate uptake activity of CHL1 by phosphorylation at different sites.
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N2 nitrogen

nodulation Walch-Liu et al., 2005

NO3
-

nitrate NH4
+

ammonium

peptide urea

Crawford, 1995 nitrate 

regulated transporters NRTs nitrate 

reductase NR NO2
-

nitrite nitrite 

reductase NiR α- α-ketoglutarate

glutamate synthetase glutamate

Crawford, 1995

assimilation
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primary nitrate response Redinbaugh and 

Campbell, 1991 Tsay et al., 2011

millimole micromole

1 high-affinity transport system micromole

2 low-affinity uptake transport system

millimole Arabidopsis thaliana AtNRT1 

family 53 homologue AtNRT1.2

Huang et al., 1999 AtNRT2 family 7 AtNRT2.1

AtNRT2.2 Li et al., 2007 Little et al., 

2005

AtNRT1.1

CHL1 Liu et al., 1999

CHL1 101 threonine, T

CHL1 T101 CHL1

high affinity CHL1T101D

CHL1T101 CHL1 CHL1
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T101A CHL1 low affinity

Liu and Tsay, 2003 T101

CHL1

ANR1 NLP7 transcription factor

ANR1

ANR1 ANR1

Zhang and Forde, 1998 nlp7 primary nitrate response

NLP7 Casataings et al., 

2009

nitrate response microarray analysis

CHL1 Hu et al., 2009 CHL1

protein kinase

phosphatase

CIPK23 CIPK8

Calcineruin B-like (CBL)Interacting Protein Kinases CIPKs

protein phosphatase 2C-type family

CHL1 central loop

Anakin ANI
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CHL1

CIPK23

Ho et al., 2009 CHL1 null mutant chl1-5

primary nitrate response

CHL1 primary nitrate response Pro492 AtNRT1

family chl1-9 CHL1Pro492 Leucine

CHL1 chl1-9 primary nitrate 

response CHL1

CHL1 Ho et al., 

2009 CIPK23 CHL1 N-terminal CHL1

T101 CIPK23

CIPK23 CHL1 T101 CHL1

CHL1 CHL1 T101D transgenic plant primary

nitrate response high affinity phase

CIPK23 CHL1 T101 CHL1 T101A primary 

nitrate response low affinity Ho et al., 2009 T101A

T101D CIPK23 

CHL1T101

CIPKs-CBLs

CIPKs CBLs calcineruin B-like proteins

N kinase domain C regulatory domain

regulatory domain NAF domain protein phosphatase interaction 

domain PPI domain Batistic and Kudla, 2004 CIPKs regulatory 
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domain kinase domain CIPKs inactive form

CBLs Calcium binding proteins

CBLs CIPKs 

NAF domain CIPKs CIPKs active form

Albrecht et al., 2001 Batistic and Kudla 

2009

10 CBLs 26 CIPKs CIPKs –

CBLs complex Hashimoto et al., 2012

CIPKs –CBLs Xu et 

al., 2006 Huang et al., 2011 Tsou et al., 2012

CIPKs CBL1 CBL9

CIPK23 CIPK23 AKT1

Xu et al., 2006 Li et al., 2006 CIPK24 SOS2

/ CBL4 SOS3 Na
+
/H

+

Qiu et al., 2002 Quintero et al., 2011

CIPK8 low affinity primary nitrate response

CIPK8 cipk8-1

primary nitrate response low affinity phase high 

affinity phase CIPK8 low affinity primary nitrate response

Hu et al., 2009

CIPK8 CHL1 CHL1

full length CHL1 full length CIPK8
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CIPK8 CHL1 Wild 

type cipk8-1 secondary long-term nitrate response CHL1T101

CIPK8  
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A. ( )

1 plasmid

( )

pTMBV4 vector pTMBV4-CHL1 pTMBV4-CHL1TM1-11 

pTMBV4- TM1-10 pTMBV4-CHL1TM1-9

pTMBV4-CHL1TM1-8 pTMBV4-CHL1TM1-6

pTMBV4-CHL1 loop-TM12 pTMBV4-CHL1TM7-12

pTMBV4-CHL1TM9-12 pTMBV4-CHL1TM11-12

pTMBV4-CHL1 dloop

pTMBV4-CHL1

pDL2NX vector pDL2NX-CIPK8 pDL2NX-CIPK8 kinase 

pDL2NX-NubI positive control

pDL2NX-NubG negative control

pDL2NX-CIPK8 / pDL2NX-CIPK8 kinase

pDL2NX-NubI / pDL2NX-NubG DUAL membrane kit DUAL system

pYES2 vector pYES2-CBL1 pYES2-CBL9 pYES2-ANI

pYES2-CIPK23 pYES2-NLP7(5’-RWP domain) 

pYES2-NLP7(RWP domain-3’)

pYES2-ANI
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pYES2-CBL1 / pYES2-CBL9

XhoI XbaI CBL1 / CBL9 cDNA pGEMHE-CBL1 

/ pGEMHE-CBL9 5 μL 2X ligation buffer

1 μL T4 ligase Promega 10 μL 2 0.5

μL pGEM®-T Easy Promega vector transformation

E.coli 80 μL X-Gal 2 mg X-Gal/ml DMF (dimethyl-

formamide) LB + Ampicilin 50 μg/ml 37
o
C

16 PCR

2 mL LB + Ampcilin 37
o
C 16

Mini-M
TM

Plasmid DNA Extraction System Viogene 50 Μl

5 μL 1 μL(10 pmole) T7 SP6

EcoRI CBL1 / CBL9 cDNA

EcoRI pYES2 T7

pYES2- CIPK23

pYES2 XhoI XbaI

pYES2-NLP7(5’-RWP domain) / pYES2-NLP7(RWP domain-3’)

1μL NLP7-5’-F / NLP7-RWP-R / NLP7-RWP-F / NLP7-3’-R

pTeasy-full NLP7 5 μL10X High Fidelity Taq Buffer 4 μL 

2.5mM dNTP 1 μL High Fidelity Taq mix Fermentas

pGEM®-T Easy Promega HindIII

BamHI HindIII BamHI pYES2

T7 / NLP7-5’-F / NLP7-RWP-R / NLP7-RWP-F / NLP7-3’-R

I.
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E.coli strain LB

37
o
C 12-16 2mL 6000rpm 2

Viogene Mini-M
TM

plasmid DNA extraction kit

50μL

2 strain

DSY-1    MATa his3delta200 trp1-901 leu2-3, 112 ade2 
LYS2:(lexAop)4-HIS3 URA3::(lexAop)8-lacZ GAL4

NMY51   MATa his3delta200 trp1-901 leu2-3, 112 ade2 
LYS2:(lexAop)4-HIS3 ura3::(lexAop)8-lacZ (lexAop)8-ADE2 GAL4

DUAL membrane kit DUAL system

3 plasmid transformation

YPD broth 1% BACTO yeast extract 1% 

BACTO peptone 2%glucose 30
o
C 12-16 2mL

6000rpm 30 1μg

DNA 2μL 10mg / mL salmon sperm DNA 20μL 1M DTT 0.5mL PLATE

mixture 45%PEG4000 1M LiOAc 1M Tris-Cl (pH7.5) 0.5M EDTA

vortex 12-16 42
o
C 10

50-100 μL 30
o
C

pYES2 vector galactose inducible promoter

glucose promoter 2% glucose

2% raffinose X-gal 2% galactose

1% raffinose
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4 X-gal

30
o
C

3mm

agarose X-gal mixture 1x PBS pH7.4 0.5% (w/v)     

agarose 0.1mg/mL X-gal

5 β- β-galactosidase

5mL 30
o
C 12-16 2mL

8mL YPD 30
o
C OD600 0.5 0.8

1.5mL 14000rpm 30 1.5mL 

Z-buffer 16.1g/L NaHPO4 7H2O 5.5g/L NaH2PO4 H2O 0.75g/L KCl 0.246g/L 

MgSO4 7H2O 0.3mL Z-buffer 0.1mL

37
o
C 1 0.7mL 

Z-buffer 2.7% 14.4M β-ME 160μL ONPG 4mg/mL Z-buffer

30
o
C 400mL 1M 

Na2CO3 14000rpm 10 0.5mL

OD420

β- 1000 × OD420 / time(min) × 0.1(mL) × OD600

B. Xenopus laevis oocytes

1 plasmid

pGEMHE-CHL1 / pGEMHE-CIPK8 / pGEMHE-CIPK8T161D  

pGEMHE-CBL9

pGEMHE-CIPK8 / pGEMHE-CIPK8T161D

pGEMHE-CBL9
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E. coli strain LB

37
o
C 12-16 2mL 6000rpm 2

Viogene Mini-M
TM

plasmid DNA extraction kit

50μL

2 in vitro transcription

40 μL 120μL 20 μL NEB 2 buffer 50 mM NaCl

10mM Tris-HCl 10 mM MgCl2 1 mM DTT pH7.9 20 μL 10 mg/mL BSA

Nhel 2μL 37 12-16 1 μL DNA

phenol / chloroform 25:24 DNA

260 nm

1μg/μL

3 in vitro transcription

mMESSAGE mMACHIN
TM

Ambion, Austin, Texas

2 μL10X buffer 10 μL 2X NTP / CAP mix 2 μL 10X enzyme mix

1 μg DNA 37 1.5 1

μL DNasel 37 15 115 μL DEPC-H2O 15 μL 

4 M NH4OAc 150 μL phenol/chloroform 25:24

14000rpm 15 100% -

80
o
C 30 14000rpm 15 70% 95%

DEPC-H2O cRNA 4 μg/μL

4

a

30-40
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1-2

1

1

ND-96 CaCl2 NaCl 

96 mM KCl 2 mM MgCl2 2 mM HEPES 5 mM NaOH H7.6

Ringer’s solution NaCl 150 

mM CaCl2 1.8 mM KCl 2.5 mM HEPES 10 mM MgCl2 1 mM

NaOH pH7.4

3

24

b

follicle cel

lmembrane 10

0.8-1 mg/1mL collagenase ND-96

CaCl2 buffer Ca
2+

collagenase

40 60 15

ND-96

NaCl 96 mM KCl 2 mM MgCl2 2 mM HEPES 5 mM CaCl2 0.3 mM

pH7.4 gentamycine 10g/L ND-96
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5 cRNA

a

Model p-87 Flaming/brown micropipette puller Sutter 

instrument Co., Novato, CA Drummond Scientific Company, 

USA heat 760 pull 130 vel 70 time 100 pressure500

1-2 μm

b cRNA

2-2.5

(model, Company)

1 μL DEPC-H2O cRNA

cRNA

c cRNA

V-VI

ND-96 cRNA

50 nL cRNA ND-96

16
o
C

6

ND-96 48

30

ND-96 5mL 10 mM 2

250μM K
15

NO3 10 mM 250μM 215 mM Mannitol 0.3mM
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CaCl2 10mM Tris/MES pH 5.5 40rpm 2

ND-96

3

96 80
o
C

ANCA-GSL20/20(PDZ, UK)
15

N

7 CHL1

1.5mL 50μL oocyte protein extraction

buffer 100mM NaCl 20mM Tris PH7.5 5mM EDTA 0.1% Triton X-100

extraction buffer 4
o
C14000rpm 3

35μL 1.5mL 10μL 1M DTT 15μL 4x loading

dye 65
o
C 1/4 20μL

CHL1

C.

1

NuPAGE 10%Bis-Tris gel invitrogen

NuPAGE MOPS SDS 0.05M 3-(N-morpholino) ethane sulfonic acid

0.05M Tirs 2%SDS 1.025mM EDTA running buffer

70 110

110 PVDF membrane

transfer buffer 4.08g/L Bicine 5.232g/L Bis-Tris 0.3g EDTA

10% methanol

stacking gel

100% methanol PVDF membrane
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40

2

PVDF membrane blocking buffer blocking

membrane blocking buffer 8g NaCl

0.2g KCl 1.805g Na2HPO4 0.24g KH2PO4 0.1% Tween 20

30 1X PBST buffer 8g NaCl 0.2g KCl 1.805g Na2HPO4

0.24g KH2PO4

1X PBST buffer

anti-rabbit IgG 1:5000 30

1X PBST buffer ECL
TM

detection kit A B

membrane GE

CHL1 1 : 5000 1X PBST buffer

CHL1 T101 1 : 2000 1X PBST buffer

Tic110 1 : 5000 1X PBST buffer

D.

I. wild type Columbia Col-0

II. chl1-5 Columbia γ-ray CHL1

gene deletion Tsay, 1993

III. cipk8-1 Col-0

knockout Hu et al., 2008
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E. 

1

a ammonium succinate solution

12.5mM (NH4)2succinate 10mM K2HPO4/KH2PO4 buffer pH5.5 2 mM 

MgSO4 1mM CaCl2 0.1mM FeSO4-EDTA 50μM H3BO4 12 μM 

MnSO4·H2O 1 μM CuSO4·H2O 0.2 μM Na2MnO4·H2O 0.1% MES

0.5% Sucrose KOH HCl pH 6.5 5.5

0.22μm Huang et al., 1996

b potassium nitrate solution

KNO3 pH 5.5

Huang et al., 1996

2

a

cipk8-1 chl1-5 2 mL

1 mL 70% 2

1 mL 20% 0.5% SDS

15 1mL

4
o
C

b

Magenta GA-7 box(Sigma) 65
o
C

57mL pH6.5 12.5 mM

Magenta box 30 40
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F. nitrate induction

50mL pH5.5 12.5 mM

12 16 50mL pH5.5 12.5 mM

3 25mM 200μM 50mL

pH5.5

RNA -80
o
C

G.

1 RNA

1mL

Trizol Invitrogen 1.5mL

200μM chloroform

4
o
C 14000rpm 15 1mL 1.5mL

isopropanol -80
o
C 16 4

o
C 14000rpm

15 70% 100%

DEPC-H2O 1μL 400

OD260 / OD280 / 0D230 / OD320 RNA

RNA -80
o
C

2 reverse transcriptase-polymerase chain reaction

RT-PCR

2μg RNA (1μg)10μM oligo dT 70
o
C 1μL

ImpromIIreverse transcriptase (Promega) 2μl 5x reaction buffer 4μl dNTP 

(2.5mM each) 4.8μl 25mMMgCl2 0.25μl RNase inhibitor 25
o
C

42
o
C 70

o
C cDNA -20

o
C
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3 real-time quantitative polymerase chain reaction

Q-PCR

cDNA 5μL cDNA 2x LightCycler 

480 SYBR green I Master mix 2μM primer LightCycler 

480 Roche

H. CHL1 Threonine101

1 plasmamembrane fraction

2mL 15mM Tris-HCl pH7.8 250mM sucrose

1mM EDTA 2mM DTT 1mM PMSF 0.6% w/v polyvinylpyrrolidone

1X proteinase inhibitor cocktail Sigma 2mL

4
o
C 10000g 15 1.5mL 1.5mL

4
o
C 100000g 

-20
o
C Liu et al., 2003

2

30μL 4%SDS

Bicinchoninic acid BCA
TM

protein assay kit Thermo BSA

0 1 2 4mg/mL 200μL

37
o
C 30 570

CHL1 15μg CHL1-P

35μg
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I.

T7 5’-AATACGACTCACTATAG-3’

SP6 5’-TTTAGGTGACACTATAG-3’

NLP7-5’-F 5’-AAGCTTATGTGCGAGCCCGATGATAATT-3’

NLP7-RWP-R 5’-GGATCCTCACATGGAAGTCAGGTCGAGGCCT-3’

NLP7-RWP-F 5’-AAGCTTATGGAATTCTCGCGGCTTGATCACG-3’

NLP7-3’-R 5’-GGATCCTCACAATTCTCCAGTGCTCTCG-3’

Q-PCR

UBQ10-F 5’ - CTTCGTCAAGACTTTGACCG - 3’

UBQ10-R 5’ - CTTCTTAAGCATAACAGAGACGAG - 3’

CHL1-F 5’ - ACGACATTATCAGTCGC - 3’

CHL1-R 5’ - CTGTCCTGTGTAGATTAACG - 3’

NRT2.1-F 5’ - AACAAGGGCTAACGTGGATG - 3’

NRT2.1-R 5’ - CTGCTTCTCCTGCTCATTCC - 3’

cipk8-1 CIPK8

CIPK8-F 5’ – TCGTGGATCGTAGCACA – 3’

CIPK8-R 5’ - TATTCTTCTGCGTCTCCTGC - 3’
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CIPK8 CHL1

microarray analysis

chl1-5 CIPK8 chl1-5

CHL1 deletion mutant CIPK8 CHL1

CIPK8 CIPK23

CHL1

CIPK8 CHL1 full length CHL1 full length 

CIPK8 CIPK8 kinase domain 

full length CIPK8 full length CHL1 CBL

CIPK8 Arabidopsis thaliana CBL

CIPK8 CBL1 CBL9 kolukisaoblu et al., 

2004

full length CHL1 full length CIPK8

CHL1 CIPK8

β-galactosidase

X-gal

CBL1 CBL9 full length CHL1 full length CIPK8

CBLs 1 CIPK23 CBL-interacting 

protein kinase 23 2 CHL1 ANI (protein phosphatase
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2C family 3 primary nitrate response NLP7 nodule

inception-like protein 7 NLP7 5’-RWP domain NLP7 RWP 

domain-3’ X-gal full length CHL1

f u l l  l e n g t h  C I P K 8 f u l l 

length CHL1 full length CIPK8

CIPK8

CIPK8 CHL1

CHL1 CIPK23

Threonine101 CHL1 CHL1

Ho et al., 2009 CIPK8

CHL1

CHL1 cRNA CIPK8 cRNA CIPK8 T161D cRNA CBL9 cRNA

15
N

15
N

cRNA

n=8 CIPK8 CHL1

200μM CHL1

13% CIPK8 CBL9 30% A.

10mM CIPK8 CHL1
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B. CIPK8

CHL1

CIPK8 CHL1 modification CHL1

western blot

CHL1 A.

DEPC-H2O CIPK8

CHL1 CIPK8 CHL1

CHL1

CBL9 CIPK8 CHL1

CIPK8 CBL9 CHL1

CBL9 CIPK8

CBL9 CHL1 CIPK8

CBL9

CHL1 CIPK8

CIPK8 T161D

CIPKs CBLs CIPKs kinase 

domain autophosphorylation Gong et al., 2002

CIPK8 CIPKs CIPK8 Threonine161

CIPK8 Threonine161 Aspartate Asp, D

CIPK8 active form
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CIPK8 T161D CHL1 12%

CIPK8 25% A. CIPK8 T161D CHL1

B. CHL1

CIPK8 T161D CHL1

B. CIPK8 T161D CIPK8 CHL1

CIPK8 T161D

CIPK8T161D CIPK8

CIPK8 nitrate response

CIPK8 CHL1

CHL1 CIPK8 CHL1

nitrate response T-DNA CIPK8

cipk8-1 nitrate response CIPK8 3Kb T-DNA

intron A. RT-PCR CIPK8 CIPK8

RNA cipk8-1 RNA knockout

B. wild type cipk8-1 PH6.5 12.5mM 

(NH4)2Succinate PH5.5 12.5mM 

(NH4)2Succinate

25mM KNO3 PH5.5 200μM KNO3 PH5.5

16 nitrate induction

12.5mM KCl 0 0.75 1.5 2 4 8 12 16

RNA cDNA Q-PCR

nitrate response CHL1 NRT2.1
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Nitrate response

primary(short-term) response 16 secondary (long-term) response

25mM CHL1 NRT2.1

45 secondary response

cipk8-1 CHL1 NRT2.1

secondary (long-term) response cipk8-1

200μM primary nitrate response

16

cipk8-1

CIPK8 primary nitrate response

CIPK8 CHL1T101

CIPK8 CHL1

CHL1T101 CHL1

CIPK8 CHL1 CHL1 T101

CHL1T101 CHL1 

T101-P cipk8-1 CHL1 T101

wild type cipk8-1 25mM KNO3 PH5.5

200μM KNO3 PH5.5 nitrate induction

0 10 20 30 40 60 CHL1

CHL1 CHL1 T101-P CHL1 T101

25mM 60 CHL1

Wild type cipk8-1 A.

CHL1T101
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CHL1T101 cipk8-1 CHL1T101

B. 200μM CHL1

A. CHL1T101

20 cipk8-1

B. CIPK8 CIPK23

CHL1T101 CIPK23 CIPK8 CHL1

CHL1 T101

CIPK8 CHL1

cipk8-1 CHL1 T101 CIPK23

CIPK8 CHL1T101

cipk8-1

CIPK8

CIPK8

CHL1 CIPK8 CHL1

CIPK8 CHL1

CIPK8 CHL1 CHL1

c-terminal CIPK8 CIPK8 CHL1

CIPK8 CHL1

CIPK8 kinase domain CHL1

CHL1 CIPK8 kinase domain

X-gal β-galactosidase CHL1 
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TM7-TM12 transmembrane domain 7 to transmembrane domain 12 CIPK8 kinase 

domain CHL1 TM1-TM6 CIPK8 kinase domain

β-galactosidase NubG (negative control)

A. N-terminal CHL1 C-terminal

CIPK8 kinase domain

CIPK8 kinase domain CHL1 C-terminal

CHL1 CHL1 CIPK8 kinase domain

CHL1 TM1-TM 8 CIPK8 kinase domain

CHL1 TM7-TM12

/ TM9-TM12 / TM11-TM12 CIPK8 kinase domain

X-gal β-galactosidase

TM9-TM12 / TM11-TM12 CIPK8 kinase domain TM7-TM12

full length CHL1 B.

CIPK8 kinase domain CHL1

CHL1TM1-TM11 / CHL1TM1-TM10 / CHL1TM1-TM9 full length 

CHL1 CIPK8 kinase domain CHL1TM1-TM8 CIPK8 

kinase domain CHL1TM1-TM9 CHL1

TM8 TM9 loop

CHL1TM1-TM8 CIPK8 kinase domain

loop CHL1 TM8 TM9 loop CIPK8 kinase domain 

CHL1 TM11-TM12 CIPK8 kinase domain

CHL1 C-terminal end CIPK8 kinase domain CHL1
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TM12 C-terminal end CIPK8 

kinase domain CHL1 CHL1

CIPK8

CIPK8

CHL1 TM6 TM7 102 central 

loop loop CHL1 loop

CHL1 CIPK8 kinase domain central loop

CHL1 CHL1 dloop CIPK8 kinase domain

loop CHL1 CIPK8 kinase domain

loop CHL1 CIPK8 kinase domain  
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CIPK8 CHL1

CHL1 CIPK8 full 

length CHL1 full length CIPK8

CBL1 CBL9 ANI CIPK23

NLP7(5’-RWPdomain) NLP7(RWPdomain-3’)

CBL9 CIPK8 CHL1

CIPK8 CBL9

CIPK8 kinase domain CHL1

CHL1 central loop CHL1 CIPK8 kinase domain

central loop CHL1 CIPK23

CIPK8 CHL1 C CIPK23 CHL1 N CHL1

central loop CIPK8 C CIPK23 N

central loop CHL1

ANI central loop ANI central loop

CIPK23 full length CHL1 ANI

CIPK8 full length CHL1 CIPK8 CIPK23

CHL1 CIPK8 CIPK23 ANI
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CIPK8

CIPK8

CIPK8 CHL1

CIPK23 T101

CHL1 T101-P cipk8-1 CHL1 T101

CHL1T101 /

CIPK23 CIPK8 CHL1T101

CHL1C-terminal CIPK8

CIPK8 CIPK23 CHL1T101

CHL1

primary nitrate response

CIPK8 high affinity primary nitrate response

cipk8-1 nitrate response

low affinity short-term phase CIPK8

low affinity primary nitrate response /

CHL1 CIPK8

CIPK8 CHL1

CIPK8

CHL1 CHL1 C-terminal end

loop CIPK8

T101 CIPK23 CIPK8 CHL1 C-terminal

CHL1
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CIPK8 CIPK8 CHL1 

C-terminal P1 / P2 CHL1 N- C-terminal

CIPK8 CIPK23 CHL1

P1 / 

P2 CIPK8 P1

CHL1T101 CIPK23 CHL1T101

CIPK8 P1 CIPK23 T101

CHL1 primary nitrate response

P1 P2

CIPK8 P2 CHL1

primary nitrate response

P2 CHL1

CHL1T101 T101

CHL1 P2

CHL1T101 CHL1T101 CHL1

CHL1T101

CHL1C- N-

N T101 CHL1 C

P2 CHL1

P1/P2 P2 CIPK8

CHL1 CIPK8 cRNA

CIPK8 CHL1 P1 / P2 P2
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CHL1 P2

CHL1 /

T101 P2

T101

CHL1T101A

CHL1T101D

cipk8-1 P1 / P2 / CHL1T101

T101 cipk8-1

CHL1T101A

cipk8-1 primary nitrate response CHL1 

T101A P1 / P2

P2 P2 CIPK8

primary nitrate response

CHL1 N T101 C P2

CHL1

CHL1 CHL1

homologue Pepso Pepso Helix

cavity peptide

Pepso N-terminal C-terminal

Helix Newstead et al ., 2011
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Helix2 Helix7 Pepso cavity

N-terminal Helix4 / Helix 5 C-terminal Helix 10 / Helix 

11 Pepso Newstead et al ., 2011

N-terminal C-terminal

CHL1 CIPK23 N-terminal T101 CIPK8

CHL1 C-terminal CHL1

CIPK8 CIPK23 C-terminal

N-terminal CHL1

Helix CIPK8 CIPK23

CHL1 N- C-terminal CHL1

CHL1 CIPK8

CHL1

CHL1 Y480/T481 CHL1 Y480A/T481A CHL1

480 481 CHL1

CHL1 Y480 T481 CIPK8

CHL1 N- C-terminal

CHL1
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·  CBL1 CBL9 CIPK23 ANI NLP7 full length CIPK8

full length CHL1

full length CHL1 bait full length CIPK8 prey

pYES2 pYES2-CBL1 pYES2-CBL9 pYES2-CIPK23

pYES2-ANI pYES2-NLP7(5’-RWP) pYES2-NLP7(RWP-3’) DNA

galactose pYES2 X-gal full length CHL1

full length CIPK8
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·  CIPK8 CHL1

CHL1 / CIPK8 / CBL9 / DEPC-H2O

200μM A. 25mM B. K
15

NO3

15
N n=8

T-test

P < 0.0001
P < 0.001
P< 0.05
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·  CIPK8 T161D CHL1

CHL1 / CIPK8 / CIPK8 T161D / DEPC-H2O

200μM A. 25mM B. K
15

NO3

15
N n=10

T-test

P < 0.0001
P < 0.001
P< 0.05
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·  CHL1 CIPK8 CIPK8 T161D

CBL9

cRNA ND96

35μL 15μL4x dye 10μL 1M DTT

CHL1 CHL1

band 20μL 1/4
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·  T-DNA cipk8-1

T-DNA CIPK8 Intron A. cipk8-1 RNA

RT-PCR CIPK8 PCR N cDNA

negative control WT cDNA 1 6 cipk8-1 cDNA
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· CIPK8 Low-affinity primary (short-term) nitrate response

RNA RT-PCR Q-PCR CHL1

A. NRT2.1 B. 12.5mM KCl

UBQ10 normalize N

N=3
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·  CIPK8 High-affinity nitrate response

RNA RT-PCR Q-PCR CHL1

A. NRT2.1 B. 12.5mM KCl

UBQ10 normalize N

N=3
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· cipk8-1 CHL1 T101

cipk8-1 25mM

CHL1 CHL1 T101-P chl1-5 CHL1 

gene deletion mutant negative control Tic110 loading control
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· cipk8-1 CHL1 T101

cipk8-1 200μM

CHL1 CHL1 T101-P chl1-5 CHL1 

gene deletion mutant negative control Tic110 loading control
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·  CHL1 TM8 TM9 loop TM12 C-terminal end

CIPK8 kinase domain

CIPK8 kinase domain CHL1 X-gal

A. β-galactosidase B.
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·  CIPK8

CIPK8 CHL1 C-terminal P1 P2 P

X primary 

nitrate response high-affinity phase low-affinity phase
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( Ho et al., 2009 )

· CHL1

CHL1 primary nitrate response

CHL1

CIPK23 T101 CHL1

CHL1
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·  CIPKs-CBLs Interaction Model

CIPKs CBLs NAF domain
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By

·  CHL1 CIPK8 kinase domain

full length CHL1 CHL1 TM1-TM6 CHL1 loop-TM12 bait full length 

CIPK8 CIPK8 kinase domain CIPK8 regulatory domain prey

β-galactosidase
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· CHL1

A CHL1 transmembrane domain

Loop B

CHL1
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Hu et al.,2009

· cipk8-1 low affinity primary nitrate response

cipk8-1

Q-PCR CHL1 A. NRT2.1 B.
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Ho et al., 2009

· CHL1 T101A CHL1 T101D primary nitrate response

CHL1 T101D A. CHL1 T101A B.

Q-PCR NRT2.1



- 50 - 
 

Newstead et al ., 2011

·  PepTso

A. PepTso Helix2 Helix7

Pepso cavity B. Helix4/Helix5 Helix10/Helix 11

Pepso C.
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